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The Salmonella typhimurium histidine revertant assay, developed by
Ames (1975), is an effective test system for detecting certain frameshift
and base substitution mutagens. Four histidine requiring tester strains
are revererted to protrophy by the appropriate mutagens. A liver micro¬
somal activation system is incorporated directly into the top agar with
the strain and the test sample. This system was used to identify the
mutagenic character of a number of water samples and organic water pollu¬
tants. Effluent water from the Dalton wastewater plant was found to
cause frameshift mutations in tester strain TA1537. Six carpet dyes,
used in high volume in the tufted textile industries of the Dalton area,
were found to cause frameshift mutations in the same strain.
Several samples of water from the Atlanta Hemphill treatment plant
were found to be mutagenic, particularly after preliminary chlorination
of the raw river water. The cause of the mutagenic potency in these
samples is not known.
Twenty-seven organic contaminants, identified in the finished water
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of New Orleans, La. were assayed with the Ames system. Several showed
a slight elevation of revertant colonies; one, trichloroethylene, was a
potent base substitution mutagen. Single strand breaks were also induced
by trichloroethylene at the rate of 2.6 per 2.98 X 10^ daltons, (treatment
with 60 yg/10^ cells, TA1537). Alkaline sucrose centrifugation was used
to detect single strand breaks in the DNA.
A temperature tolerant mutagenesis test system was developed, which
successfully detected several potent mutagens in low concentrations.
The system employs S_. typhimurium strain TA2326. This tester strain
contains the rfa and uvrB mutations, which increase the sensitivity to
mutagens in the cellular environment. The temperature tolerant assay was
not successful in detecting frameshift mutagens. Since the liver micro¬
somal system could not be used with this system, frameshift detection is
difficult .
A streptomycin resistant test system was developed which detects
certain potent mutagens in low concentrations. Ames tester strain TA1535
was used on low level (53 yg/plate) streptomycin plates. The plasmid
containing strain, TA98, which has an error prone recombination repair
system, was effectively used on high level (400 yg/plate) streptomycin
plates. Streptomycin resistance assay seems to be effective in detecting
certain alkylating agents, but not mutagens causing frameshift lesions.
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It is now generally recognized that cancer represents one of the
most important hazards of environmental pollution. For any given type
of cancer, the fraction of the total incidence attributable to environ¬
mental factors can be estimated, as a minimum, from the difference
between its incidence in the population of the United States and the
lowest incidence observed in any other populations. Such estimates in¬
dicate that in highly industrialized countries, such as the United
States, as much as 75-80% of the cancer incidence is of environmental
origin (Commoner, cited in Keith, 1976).
Epidemiological studies and laboratory experiments on mammals indi¬
cate that the majority of known environmental carcinogens are synthetic
organic chemicals, products of the commercialization processes over the
last 30 years. Each year thousands of new substances are added to the
list of synthetic compounds and new carcinogenic agents are discovered.
Since the time lag between exposure and carcinogenesis is long (5-25
years), the actual effects of such substances on the incidence of cancer
may just now begin to appear. This situation emphasizes the importance
of a timely effort to analyze the problem of environmental carcinogenesis
and to develop rapid assay systems capable of detecting potential carcin¬
ogenic agents.
A large number of synthetic organic compounds is disseminated into
the environment as wastes from industrial plants. Others enter the
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environment as a necessary outcome of their use, for example pesticides
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and solvents used in inks, paints and dyes, which evaporate into air
as the products dry. These considerations suggest that the air and
surface waters must contain large quantities of various synthetic organ¬
ic compounds. This has been found when the surface water passing through
industrialized areas was analyzed for organic pollutants (EPA report,
1975). Thus, our immediate environment of air and water may be respon¬
sible for a considerable part of the incidence of cancer in the U. S.
population (Commoner, cited in Keith, 1976).
Carcinogenesis is a complex process which ends in the proliferation
of a malignant cell. There are many concepts which attempt to explain
how a particular chemical could induce such a result. The simplest of
these models defines a chemical carcinogen as a molecular species that
can induce genetic mutations in the cell, causing it to resist the normal
controls of growth. Although this is an extremely simplified model and
the precise mode of interaction between the chemical and the mammalian
cell is unknown, there is significant evidence that mutagenesis plays
the initiating role in certain types of malignancy (Ames ejt al., 1973)
Chemical mutagenesis of the gene provides the basic model for the re¬
search reported here.
The chemical basis for mutagenic activity relates the probable
interaction of organic molecular structure of the mutagens with the
hereditary material of the organism, resulting in genetic mutations.
Most chemical carcinogens are strongly electrophilic or are converted to
potent electrophilic reactants in vivo. There is increasing evidence
that the electrophilic reactants are responsible for the carcinogenic
activity of the administered carcinogens. These generalizations provide
a unified view of structually diverse chemical carcinogens and also provide
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a reasonable basis for the correlations between mutagenesis and carcin¬
ogenesis. The highly electrophilic sites of the carcinogens and potential
carcinogens would be expected to react with nucleophilic targets of the
DNA (Brookes, 1971).
One persuasive reason for using bacteria in mutagen testing is their
relatively high sensitivity as compared to other test systems. Even rare
mutational events can be detected, since about 5 x 10^ bacteria can be
exposed to the mutagen. In some instances only a few bacteria might be
mutated; however, each mutant can give rise to a colony that will be
observed in 2 days. For example, in Salmonella typhimurium a point
mutation may be caused by a defect in one of approximately 4 x 106 base
pairs in the genome. If 5 x lO^ bacteria with this point mutation are
treated with a mutagen that induces the appropriate nucleotide alteration
in only one nucleotide perbacterium at random, then approximately 125
revertant colonies would appear on the petri plate. The spontaneous rate
is only a small percentage of this quantity.
The object of this research project was twofold: (1) to use an
established system (Ames test) to examine the mutagenic character of
several water supplies and a number of aquatic pollutants and (2) to
develop additional test systems which extend the parameters of mutagen
detection and genetic lesion identification. The typhimurium histi¬
dine revertant test system (referred to here as the Ames test) was used
to test water samples from the Canasauga River, the Chattahoochee River,
the Dalton, Georgia, wastewater treatment plant and two water treatment
plants in Atlanta. The Ames test was also used to test a number of
[
organic pollutants present in the Canasauga River and the New Orleans
water supply. Part two of this research project involved the development
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of two forward mutation test systems and the examination of their sensi¬
tivity and efficiency in mutagen detection. In part three of this pro¬
ject several aquatic pollutants were examined for their effects in
causing single-strand DNA chain breaks.
Each major section of this paper will consider the following 4 test
systems; (1) typhimurium histidine revertant test system (2) tempera¬
ture tolerant typhimurium test (3) streptomycin resistant test system
and (4) single strand break assay.
CHAPTER II
REVIEW OF LITERATURE
S. typhimurlum Histidine Revertant Test System
The Salmonella typhimurlum assay system was developed by Bruce
Ames at the University of California. By this method, carcinogens can
be detected as mutagens simply, andwith great sensitivity, by incubation
of the carcinogen, mammalian liver homogenate, and the S_^ typhimurium .
tester strain together on a petri plate (Ames et al., 1975). Liver
homogenates have been used in this work to duplicate the mammalian
metabolism and thus more closely approach the mechanisms of the human
system under attack by the test carcinogen. A number of known carcino¬
gens showed no mutagenic effect until acted upon by the microsomal
enzymes of the liver homogenate (Garner et al., 1972; Mailing, 1971;
Slater , 1971). Upon treatment with the enzyme system, mutagen-
ically potent forms of the carcinogens appeared.
Hydroxylation reactions involving cytochrome P-450 is probably the
first step in metabolic activation. It is significant that pretreatment
of experimental rats with such chemicals as phenobarbitol, polychlorin¬
ated biphenols, or benzo-a-pyrene increases the concentration of cytochrome
P-450 and produces a significantly higher activation level of the
hepatic microsomes (Remer et al., 1966; Ames e_t al., 1973).
The bacterial system used in this test consists of a set of four
strains of typhimurium specifically developed to detect various types
of mutagens. These strains have demonstrated their utility in detecting
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a wide variety of carcinogens as mutagens (Ames ^ ad., 1973). The strains
lack the characteristic lipopolysaccharide coat (rfa mutation), which is a
barrier to mutagen penetration, and are thus extremely sensitive and con¬
venient strains. In addition, the strains have a deleted excision repair
system, a uvrB mutation. Thus, a higher percent of premutational lesions
develop into phenotypic mutants. Each of the four strains contains one
of four mutations in the histidine operon resulting in a requirement
for histidine. Each strain can be reverted to the wild type by
particular types of mutagens. This technique provides a specific locus
test for distinguishing between compounds that mutate by causing base
pair substitutions or frameshift lesions. Though limited by four loci
the Ames system is extremely sensitive to those mutagens reacting at the
sites described above. These strains will detect nanogram quantities of
potent mutagens.
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Forward Mutagenesis Test System;
Temperature Tolerant S, Typhimurium
The ten enzymes necessary for the histidine biosynthetic pathway in
Salmonella are specified by a cluster of genes known as the histidine
operon. Constitutive histidine mutations may increase the cellular
content of each enzyme as high as twenty times the normal cellular
concentration (Ames et al., 1967). Bacteria containing more than about four
times the normal repressed enzyme level form smooth colonies on low
carbon media(0.2%) and highly wrinkled colonies on media containing 2%
or more carbon source at 37 C (Roth ^ al., 1965). Unlike the wild-
type, constitutive mutants are also temperature sensitive at 42 C in
the absence of methionine (Fink et al., 1967; Voll, 1967). Although
only the temperature sensitive characteristic was used in the forward
mutagenesis assay, this expression is closely associated with the
wrinkle phenotypic syndrome and must be discussed in relation to it.
Bacteria in wrinkled colonies contain multinucleate filamentous
cells (Murray et al., 1971). At 42 C inhibition of cell division is
accentuated;wrinkled colonies from on both high (2%) and low (0.2%)
carbon media. Nuclei are formed in filaments at 42 C and are capable
of giving rise to daughter cells in the presence of methionine. How¬
ever, in the absence of methionine at 42 C, there is an additional block
in DNA synthesis and an inhibition in cell division occurs. These
pleiotropic consequences of constitutive mutations are traced to over¬
production of the products of genes hisH and hisF. The two proteins
appear to act in concert in causing inhibition of a cellular site involved
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in cell division. The site seems to be sensitive to the H-F products at
42 C and; in the presence of high carbon source, also at 37 C (Murray et
al., 1971). Wrinkled colonies grown on high glucose at 37 C have fila¬
ments which contain light areas spaced at regular intervals along the
length of the filament. Spots in comparable positions are stained with
basic fuchsin after acid hydrolysis, indicating that they contain DNA.
Electron microscopy of thin sections shows that cell growth and nuclear
division do occur but that the process of cell division is strongly
inhibited (Murray ^ al., 1971).
According to Murray (1971), constitutive cells at 42 C in the
absence of methionine show three parallel effects: reduced rate of DNA
synthesis, linear increase of mass and cell length, and constancy in the
number of viable cells. Thus, in the absence of methionine, DNA syn¬
thesis is blocked and an "unbalanced growth" ensues, giving rise to the
phenotypic effect of temperature sensitivity. At 42 C colony formation
is absent and there is a production of elongate cells with but few widely
spaced nuclear bodies. Methionine (maintained at 1 yg/ml) prevents the
blockage of DNA synthesis and facilitates bacterial division. However,
the DNA-containing units made at 42 C in the presence of methionine are
abnormal. The progeny bacteria are capable of further growth and division
but are hypersensitive to ultraviolet irradiation.
The pleiotropic effects of derepression for histidine biosynthetic
enzymes can be traced to the overproduction of proteins specified by the
hisH and hisF genes. Overproduction of both proteins is necessary; it
is thought that they cooperate by some unknown mechanism to elicit the
phenotypic effects of wrinkledness and temperature sensitivity (Murray
^ aT., 1971). These two enzymes catalyze the two-step conversion of
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N-(5'-phosphoribulosyl-formimo)-5-aniino-l-(5’-phosphoribosyl)-4- imidazole
carboxamide (plus the amide group of glutamine) to amino-imidazol
carboxamide ribotide and D-erthro-imidazol glycerol phosphate (Smith et
al., 1964). However, the catalytic activity of these enzymes in histidine
biosynthesis is not responsible for the pleiotropic effects. It has been
observed by Hartman ^t ad. (1971) that the normal substrates for the two
enzymes are not required for effects of wrinkledness and temperature
sensitivity. This conclusion stems from the observation that genetic
deletions which eliminate enzymes involved in the early reactions of
histidine biosynthesis fail to eliminate wrinkledness. Futhermore, normal
enzymatic activity involving active sites is not requred. Observations
show that 80% of the hisF missense mutations tested do not abolish
wrinkledness despite loss of catalytic activity (Hartman et al, 1971).
Those missense mutations which do abolish pleitropic effects may be those
which most drastically alter the tertiary structure of the hisF proteins.
Or, they may be proteins that cannot cooperate with the product of the
hisH gene in eliciting inhibition of cell division as a result of more
subtle changes in structure, for example, by altering some interaction
of the two proteins necessary for inhibition.
The site of cell division inhibition has not yet been determined,
but a number of mutations in a variety of genetic sites has been shown
to reverse the syndrome (Hartman, personal communication). Both cell
division inhibition and wrinkledness are relieved by mutations in the
histidine operon that cut down production of hisH and/or hisF gene
products (Fink et al., 1966; Vol, 1967). Additional mutations unlinked
to the histidine operon also simultaneously reverse wrinkledness and
allow growth at 42 C. Some of these mutations may influence the
10
"receptors” upon which the hisH and hisF gene products act to produce the
temperature sensitivity and wrinkledness effects (Murray et al., 1971).
Any of the loci which can mutate to reverse temperature sensitivity is
a potential site for mutagenesis assay in the forward test system.
Adenine potentiates inhibition of colony formation by constitutive
strains at 42 C (Voll, 1967). This effect is reversed by methionine,
which will allow growth at elevated temperature. It is thought that
these agents exert an influence only at a secondary level under condi¬
tions where synthesis of DNA is strongly inhibited and an "unbalanced
growth" takes place.
The strain his01242, used in this forward test system, has the
following genetic background: operator constitutive, deletion of an
excision repair system (uvrB mutation) and lack of a lipopolysaccharide
coat (rfa mutation). Phenotypic expressions of the above mutations
are respectively: temperature sensitivity to 42 C, inability to repair
premutational lesions by the uvrB excision repair (Ames et al., 1973),
increased uptake of chemicals in the cellular environment (Ames ^ ,
1973). The rfa and uvrB mutations increase the sensitivity to chemical
mutagens.
The operator constitutive mutation, as expressed in temperature
sensitivity, is the phenotypic characteristic used for assay. It is
necessary, then, to examine in detail the potential loci that will revert
the cells to temperature tolerance, allowing colony formation as an
index to mutagenesis.
At least four general types of mutations might theoretically pro¬
duce the phenotypic effect of temperature tolerance: (1) A mutation
in the histidine operator which reverts the constitutive nature of the
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operator gene (Fink et al., 1967), (2) A mutation in the hisF-hisH genes
which cause steric changes, subsequently preventing the cooperation of
the two gene products at the site of cell division inhibition (Murray et
al., 1971) (3) Secondary polar mutations in the operon causing decreased
levels of histidine biosynthetic enzymes (Fink et al., 1967), and (4) Dele¬
tions through the operator region. Each of these four mutation types
could decrease the concentration of active hisF-hisH gene product below
the level required for cell division inhibition at 42 G.
The first type, mutation in the operator, represents a single locus,
and is a true reversion of the original operator constitutive mutation in
the histidine operon. This mutational occurrence may be low frequency.
According to the investigations by Fink e_t al. (1967), none of the tempera¬
ture revertants of a hisO constitutive mutant, examined in their research,
was a true back mutation. Rather, all were secondary polar mutations,
classified as nonsense, frameshifts or deletions (none was missense).
The phenomenon of polarity was first described by Franklin and
Luria (1961) and by Jacob and Monod (1961). Their observations indica¬
ted that more molecules of the enzymes coded for by the gene adjacent
to the operator region are synthesized than molecules of the enzyme
coded for by a more distal gene. A polarity model described Zabin (1963)
proposed that all of the genes of an operon are transcribed into a poly-
cistronic messenger RNA molecule and that ribosomes can only become
associated with the polycistronic message at the operator end. Based
on investigations of polarity in the histidine operon, Martin ^ al.
(1966) have proposed an extension of this model to include reinitiation
of ribosomes by specific codons along the length of the operon. When a
ribosome encounters a nonsense codon, peptide chain termination occurs
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and the ribosome slips down the succeeding mRNA x^ith no defined phase
and will probably become disassociated from the message. When the
ribosome encounters a chain-initiating codon, polypeptide synthesis is
resumed. Thus, the probability that a ribosome will become dissociated
from the mRNA is a function of the physical distance between the non¬
sense mutation and the subsequent chain initiator and also of the
efficiency of the chain initiator. Martin et al. (1966) suggest that
several types of chain-initiating regions may exist, and that these
different chain initiators have different efficiencies with regard to
orienting (bringing into correct phase) the ribosome which is slipping
down the mRWA.
The above model is closely related to the temperature tolerant
mutagenesis test system. Since this system depends on high level pro¬
duction of gene products of the hisF-hisH genes, nonsense mutations
occurring between the operator and the hisF-hisH genes might produce a
sufficiently polar effect to reduce the enzyme levels below the level
required for temperature sensitivity. Chemical mutagens capable of
producing transitions, transformations and frameshift mutations could
theoretically produce such effects. This would include a wide range of
alkylating agents and polycyclic hydorcarbon molecules. However,
according to the model of Martin e^ (1966) such premutational lesions
must occur some distance from an efficient chain initiator for a strong
polar effect. Since the twenty-fold concentration of the hisF-hisH
gene products must be reduced to less than a four-fold (4X normal) con¬
centration for temperature tolerance, a strong polar effect is necessary.
Such decrease in the level of enz3nne production is quite probable.
According to the study of Fink et al. (1967), all of the mutants of 121
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studied displayed a reduction of at least 70% in the enzymes distal to
the site of mutation. It is, therefore, impossible at this point to
project the number of potential mutation sites available for temperature
tolerance effects. However, a large portion of the histidine operon
lies between the operator and the hisF-hisH genes: the relevant gene
sequence is hisO-D-C-B-J-A-F. This includes the mutagen-susceptible
CGCGCGCG tract that lies in the wild type hlsD gene (Isono et al., 1974).
The fourth possible type of mutation leading to temperature toler¬
ance, as listed above, is a deletion through the operator. Such alter¬
ations would inhibit the enzyme production of all the histidine gene
products, including the hisF-hisH enzymes.
According to Fink et al. (1967), the spontaneous reversion rate of
his01242 strain is less than 10~9. This value is somewhat difficult to
estimate, since there is some residual cell division at 43 C. -Temperatures
higher than 43 C decrease the number of mutations induced by chemical
mutagens (Voll, 1967).
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Forward Mutagenisls Test Sytem:
Streptomycin Resistance by S. Typhimurium
The strain used in this forward mutagenesis test ststem is the Ames
tester strain TA1535. As described above, this strain contains the rfa
mutation for easy penetration of the mutagen, and the uvrB mutation,
which deletes an excision repair system. Thus, the characteristics pre¬
disposing the cells to chemical mutagenesis were present in the strepto¬
mycin resistance test system.
Low level (53 yg/ml) streptomycin resistance selects for very spe¬
cific base substitution mutations as well as for mutations in other
genes,the number and nature of which are yet to be determined (Hartman,
unpublished. Considerable effort has been made to define the genetic
determinants for the ribosomes in j|. Coli. The strA and spcA (streptomycin
and spectinomycin resistance loci) are the two best-defined ribosome
markers in this species. Since coli and S. typhimurium are two very
closely related gram negative species with a great deal of similarity in
their genetic make-up, the strA effect on ribosomal structure is thought to
be the same in the two species (Yamada et al., 1971). Mutations in the
StrA locus are single-step, low frequency events (10“^ to 10~^®) which
affect genes that determine the synthesis of two separate proteins of
the 30 s ribosome subunit (Ozakl e^ ^., 1969; Bollen £t , 1969).
The experiements investigating these effects were performed only with
high level (400 yg/ml) streptomycin. Ho other chromosomal loci for
streptomycin resistance have been reported for JE. coli, although it seems
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quite likely that mutations occur which prevent uptake of the drug by
the cell; these would probably be low-level resistance mutations.
Although the strA locus in typhimurium is strictly analoguous
to the StrA in coli, the strB locus has no analogous unit in coli.
These mutants appear with a higher spontaneous frequency (10“7) than strA
mutants and are usually seen after 3-5 day incubation compared to the
appearance of strA mutants after 2-3 days. The strB mutants are resis¬
tant to other aminoglycoside antibiotics, which may suggest that resis¬
tance in these mutants is due to a general inability of aminoglycosides
to penetrate the cell. Experiments by Yamada et al. (1971) which
attempted to measure differences in the uptake of ^H-dihydrostreptomycin
by various strains were not successful. Examination of cell-free ex¬
tracts of StrB mutants for enz3nnes which are known to inactivate strep¬
tomycin by adneylylation or phosphorylation showed that no such inacti¬
vation occurred (Benveniste et al., 1970; Ozanne et al., 1969). In
addition, there is no phenotypic difference between the ribosomal units
of the StrA and strB strains.
The argGlO mutant type cannot be classified as a strB mutant. It
is a one-step mutant which became simultaneously arginine-requiring and
streptomycin-resistant. Kuo and Stocker (1969) have confirmed that the
arginine mutation of this strain is in the true argG locus, since it
failed to recombine with other argG mutants in transduction. It can,
therefore, be concluded that the argG, strA and strB loci are not coin¬
cident and it is probable that the streptomycin-resistant character of
argGlO is the pleiotropic result of mutation to arginine auxtrophy, by
some unknown mechanism (Yamada et al., 1971).
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Single Strand Breaks By Chemical Mutagens
The Ames mutagenesis test system identifies the mutation type as
frameshift or missense by the particular strain mutated with the chemical.
However, DNA chain breaks are not indicated by the phenotypic expression
of the strains. Also a number of chemicals cannot be adequately assayed
in the Ames system due to the high toxicity level of the chemicals on the
sensitive strains. For these reasons the third phase of this project
involved an assay for chain breaks by chemical mutagens and polluted
water concentrates.
Single-strand chromosomal breaks can be detected on alkaline sucrose
gradients (Vinograd et al., 1961). For example, centrifugation at a high
pH, which denatures the DNA, enhances the difference in rate of sedimenta¬
tion between linear DNA molecules and closed circular DNA duplexes
(double-stranded ring DNA in which there are no single-strand breaks).
The closed circular DNA species retain their original molecular weight
but lose their highly ordered secondary structure at pH 12, forming a
species sedimenting much faster than the denatured linear strands. The
nicked circular form of DNA gives rise to denatured linear strands in
alkali.
The mutagen, N-methly-N*nitro-N-nitrosoguanidine (MNNG) was used
with the tester strain TA1535 to standardize the test MNNG has been
shown to exhibit high mutation to lethality ratio (Hanawalt e^ al., 1967),
and induces a detectable number of single-strand breaks (Kimball et al.,
1970). Although the precise premutational lesions produced by MNNG are
still not certain, Kimball et al. (1970) suggested that the mutations
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induced by MNNG are due to a specific alteration, perhaps alkylation of
guanine on the oxygen at the 6 position. Alkylated bases split off from




Typhimurium Histidine Revertant Test System
Media
Top agar (0.6% Difco agar, 0.5% NaCI) was autoclaved and stored in
bottles in volumes of 100 ml at 4®C. Before use the agar was melted
and 10 ml of a sterile solution of 0.5 mM L-histidine HCl-0.5 mM biotin
was added to the molten top agar and mixed thoroughly. The trace of
histidine in the top agar allows all the bacteria on the plate to
undergo several divisions. This growth is necessary for mutagenesis
to occur. The slight background that grows up also allows any inhibi¬
tion by the compound to be observed.
The petri plates (100 x 15 mm) contained 30 ml of minimal-glucose
agar. Bacto-Difco agar (1.5%) with 2% glucose was used. Test chemical
and water samples solutions were prepared in disposable glass, rubber-
stoppered tubes. Water or dime thyIsulfoxide (DMS) were used as solvents
for the chemicals. Five-tenths ml of DMS can be added to a test plate
without interfering with mutagenesis. Water soluble chemicals are filter
sterilized through a 0.45 y pore Nalge disposable filter. Chemicals
prepared with DMS could not be sterilized in this way, since DMS
disolved the filter. However, DMS is sterile and the test chemicals in
pure form are most often toxic to bacteria. Sterility controls on Penn
assay plates were prepared with each chemical solution; contamination
by the test chemical has not been a problem in this test system.
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Water samples were tested in bulk form or as freeze-dried concen¬
trates. Both were filer sterilized (0.45 li Nalge filter) before
addition to the top agar.
Liver Homogenate and S-9 Mix
The mammalian liver induction method was adopted from Ames et al.
(1975) without alteration. Male rats of approximately 200 g each (Sprague-
Dawley/Bio-^I Strain) were used. A single i. p. injection of Aroclor
1254 (diluted in corn oil to a concentration of 200 mg/ml) at a dosage
of 500 mg/Kg was given to each rat five days before sacrifice. The rats
were given drinking water ad libitxim and Purina Laboratory Chow until
12 hours before sacrifice when the food was removed. On the fifth day
of induction the rats were decapitated. Liver homogenates (S-9) were
prepared immediately after sacrifice.
The procedure of Garner ^ al. (1972) as adopted by Ames ^ al. (1973)
was used to prepare liver homogenates. All steps were performed at 0-4 C
with cold solutions and glassware. Rat livers, 10-25 g each were washed
in an equal volume of 0.15 M KCl (3 ml/g of wet liver) and homogenized
with a Vertis homogenizer. Three centrifugations of the resulting homo¬
genate removed cell debris. The liver homogenate was centrifuged at
800 rpm for 15 min, 12,000 rpm for 15 min, then 18,000 rpm for 90 min.
These centrifugations do not decrease the activity of the S-9 mix, yet
the resulting homogenate will pass through a 0.45 p pore filter for sterili¬
zation. The supernatant, referred to as the S-9 fraction, was decanted
and saved. The fresh S-9 fractions were distributed in 2 ml portions
in small plastic tubes, quickly frozen in dry ice and stored at -80®.
I ■ ■ ■
As required, sufficient quantities of the liver fraction were thawed and
used for the preparation of S-9 mix.
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The liver homogenate plus compounds necessary for the activity of
the liver microsomes will be referred to as S-9 mix. The S-9 contained
per ml: liver fraction (.1 ml), MgCl (8 ymoles), KCl (33 ymoles),
glucose-6-phosphate (5 ymoles), NADP (4 ymoles) and sodium phosphate,
pH 7.4 (100 ymoles). Fresh S-9 mix was prepared for each days experiments.
It was filter sterilized through a 0.45 y pore Nalge disposable filter
and kept on ice during use.
Plate Incorporation
The procedure as outlined by Ames et al. (1975). for detecting car¬
cinogens as mutagens was used with little modification. For quantitative
testing, in the Ames system, a known amount of the mutagen was incorpora¬
ted along with the tester bacteria, and liver homogenate activation mix,
in the form of a solution, into the top agar of a pour plate. In this way
the mutagen was spread uniformly over the plate along with the bacteria.
The regime in detail, for testing compounds for mutagenic activity was
as follows: Pour plates were made by adding 0.1 ml (2-3 x 10^ cells/ml)
of the tester strain culture to small sterile test tubes (13 x 100 mm)
that contain 2 ml of molten, 45 C, top agar. An appropriate concentra¬
tion of the compound to be tested, up to 0.1 ml of a solution (diluted
in DMS or water) was added to the soft agar tube. Also, included in the
top agar were the S-9 mix composed of 0.5 ml of S-9 fraction, 8 mM MgCl,
33 mM KCl, 5 mM glucose-6-phosphate, 4 mM TPN, and 100 mM sodium phosphate
(pH 7.4).
All experiments included 4-5 plates at each test concentration of
the chemical or water sample and 4-5 control plates of each tester strain.
All plates were incubated at 37 C for 2 or 3 days. For chemicals that
seemed to retard bacterial growth a 3 day incubation was used. Revertant
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colonies were counted with a 620 automatic colony counter (3M Company,
St. Paul, Minnesota).
Spot Test
The spot procedure was employed routinely with the Ames test. The
technique of placing a crystal or drop of chemical on the agar is the
simplest way to test compounds for mutagenicity and is particularly
adaptable for the initial rapid screening of large numbers of compounds.
There were several advantages of doing spot testing before the total
plate incorporation assay. It was not necessary to prepare solutions of
the chemicals to be tested. As the compound diffuses out from the cen¬
tral spot, a range of concentrations was tested simultaneously. The '
spot test also afforded a preliminary indication of chemical toxicity
by the size of the inhibition zone of the bacterial lawn around the spot.
However, the spot test could not substitute for the plate incorporation
assay. Since only a small percent of the bacterial population on the
plate was exposed to the chemical, only potent mutagens would be detected
by this method.
Spot plates were prepared by layering the top agar containing the
bacteria and S-9 mix on the minimal-glucose plates. A grain (or drop)
was placed in the center of the plate. If the chemical is volatile,
the test plate was placed in a small, tight canister for incubation.
As the chemical vaporized, it continues to expose the cells. The plates
were incubated at 37 C for 2 days, after which time they were examined
for a ring of revertant colonies around the spot, and the size of the




The tester strains used in this study are listed below with their
mutation type and specificity for various mutagens. The Ames identifi¬
cation number is given first, followed by the code number used in the
Atlanta University laboratory.
TA1535 (RS56) contains a histidine mutation, hisG46, which is a
missence mutation. It is reverted back to the wild type by a variety
of carcinogenic mutagens that cause base pair substitution, but not by
those that cause frameshift mutations.
TA1537 (RS55) contains a histidine frameshift mutation, hisC3076,
and is reverted back to the wild type of various carcinogens including
0-aminoacridine, epoxides of polycyclic hydrocarbons, and a variety of
polycyclic hydrocarbons that have been activated by a mammalian micro¬
somal system.
TA98 (RS54) and TAIOO (RS53) are derivatives of standard tester
strains TA1535 and TA1538 that contain an R-factor plasmid, pKMlOl.
The presence of the R-factor increases mutagenesis to certain mutagens
(Ames jet ail., 1975) .
Standardization
Strains TA1535, TA1537, TA98 and TAIOO were standardized according
to the Ames top agar layering technique (Ames et al., 1975). Three to
five plates of each strain were assayed for revertant rate each day for
three weeks. Normal revertant rates were determined by calculating the
mean and the standard deviation for the total number of plates for each
strain.
The genotypes of all strains were checked regularly during all
research projects reported here. The following tests were run routinely
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(1) Crystal violet test for the presence of the rfa mutation.
(2) Ampicillin test for the presence of the plasmid in strains
TA98 and TAIOO.
(3) S-9 activity test. Strain 98 was used with 10 Ug/plate of
2-aminofluorene to test S-9 activity.
(4) Sterility tests of the water sample or chemical and the S-9
mix, both of which were filtered in .45 ji pore filter.
(5) Increased mutation rate of each strain with known chemical
mutagens.
If any of the above tests failed to give the expected results, all test
plates assayed on that day were discarded.
Dose response determinations were made for 4 mutagens: EMS, 9-amino
acridine, 2-aminofluorene and benzo-a-pyrene. Each was applied to the
appropriate tester strain and S-9 was incorporated or omitted from the
top agar as suggested by Ames et al. (1975).
Optimum concentrations of liver fractions in the S-9 mix were deter¬
mined for 2-aminofluorine and benzo-a-pyrene. Tester strain TA98, which
is effectively mutated by both chemicals, was used for this assay.
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Application of Revertant Test System to
Water Samples and Organic Pollutants
Test Water and Chemicals
The Canasauga River in north Georgia and a number of River pollu¬
tants from the carpet industries of the area were investigated with the
Ames test system. Calhoun, Georgia, is approximately 20 miles downstream
from Dalton and takes its water supply from the Oostanaula River. The
Oostanaula is formed by the confluence of the Canasauga and Coosawatee
Rivers approximately 16 miles southwest of Dalton, Georgia. Rome,
Georgia, is located about 22 miles southwest of Calhoun and takes its
water supply from the Coosa River, which is formed by the confluence of
the Etowah and Oostanaula Rivers. The average flow in the Canasauga
River through the Dalton area is 1,174 cfs. The seven day, ten year low
flow is 92 cfs, as reported by the U.S. Geological Survey for the Tilton
UGS gaging station at river mile 11.9 (ERA report, 1974).
The water treatment plants in Calhoun and Rome provide only primary
and secondary treatment of the river water. No activated charcoal or
other similar extraction procedures were employed at the time of this
investigation. It is, therefore, expected that a large percent of
organic compounds remains in the finished water of these towns. Investi¬
gation of the types of pollutants commonly entering the river from the
industrial and agricultural community is an important health considera¬
tion to the people of these areas.
According to the Organic Characterization Study of the Northwest
Coosa River Basin conducted in 1974 (EPA report, 1974), organic
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compounds that are identified with the tufted textile industry are
entering streams in the Coosa Basin through discharges from wastewater
treatment plants at Dalton and Calhoun, Georgia. A large number of
carpet industries were present in and near Dalton and in the area between
Dalton and Calhoun.
There are no known point source discharges into the Canasauga River
upstream from the Dalton water intake. Plants in and near Dalton are
required to discharge into the Dalton wastewater treatment plant. There
are six identified dischargers between the Dalton wastewater outfall
and the Calhoun water intake. Although the majority of the carpet manu¬
facturers are discharging into the Dalton or Calhoun wastewater treat¬
ments plants, it is possible that some plants may still be discharging
dye and latex wastes into stormwater drains. Careful investigation of
discharge locations by smaller plants has not been made.
The carpet industry is one of the major users of Georgia's water
resources. It is estimated that approximately 20 gallons of water are
required to process each pound of carpet (Tincher, 1975). A total of
22 billion gallons were required for carpet processing in Georgia in
1974. The major portion of this water is discharged containing large
quantities of organic and inorganic chemicals used in the carpet manu¬
facturing steps (Tincher, 1975). The possible effects of these efflu¬
ents on water quality has not as yet been evaluated.
The outflow water from the treatment plant, which was a yellow-
orange in color, was collected at the point of entry into the river.
These samples were assayed with the Ames tester strains. Thirteen dyes
were also assayed. These 13 dyes represent approximately 65% of the
total bulk of dyes used in the North Georgia carpet industries (Tincher,
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personal communication).
Three dye carriers, identified on gas chromatograms of the Oostan-
aula and Coosawatee water (EPA report, 1975), were assayed with the four
tester strains. Dye carriers are used by the industry to open the struc¬
ture of polyster fiber in order to permit dye diffusion into the yarn
(Tincher, 1975).
The second area of investigation was the Atlanta water supply.
Three water treatment plants are involved in the purification of the
Chattahoochee River water, which supplies the city of Atlanta. The
Riverside Quality Control Station provides preliminary chlorination and
pH adjustment of the raw river water before it is piped to the Chatta¬
hoochee and Hemphill treatment plants for cleaning. Activated carbon
is used to control color and odor of the water.
Although Atlanta has a well developed water purification system,
the practice of chlorinating raw water is a rather unique and question¬
able procedure. It is likely that a number of chemically active chlor¬
inated products of organic compounds are synthesized in the raw river
water by such chlorination (Craun, EPA, personal communication).
Complete removal of these compounds by the treatment procedures in the
Hemphill and Chattahoochee plants is unlikely.
The third area investigated with the Ames test system was the New
Orleans, Louisiana water supply. The lower Mississippi water has been
the object of a number of EPA research projects, since it collects a
wide variety of organic an inorganic effluents of the industries as well
as agricultural areas of the central U.S. More than ninety chemicals
have been identified in the New Orleans water supply so far (EPA report,
1975). The carcinogenic and mutagenic character of most of these
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chemicals has not yet been determined.
Canasauga River Water and River Pollutants Assay
Chlorinated and unchlorinated samples were collected from the Dalton
wastewater treatment plant. The unchlorinated samples were collected
from the reservoir tank after the completion of the cleaning treatment
and immediately before chlorination. A sewage sampler, similar to the
Kemmerer apparatus, was used to collect samples from the reservoir at
a depth of two feet. Chlorinated samples were collected from the plant
water outflow just above the point of entry into the Canasauga River.
Water samples were packed on ice during transport to the laboratory,
then were divided into 20 ml test quantities and stored at -40 C.
The procedure as outlined by Ames al. (1975) was followed for
the water sample mutagenesis assay, except that 1 ml of water sample was
added to the top agar. Control plates without water sample were pre¬
pared by adding the tester strain with the S-9 mix to the top agar.
Assay was made of 13 dyes and 3 dye carriers known to enter the
Dalton waste water plant in high concentrations daily (Woods, Georgia
Environmental Protection Division, personal communication). Nontoxic
compounds were assayed at the following doses: 10 yg, 60 yg, 200 yg,
400 yg and 1000 yg/plate. Toxicity effects were observed by an absence
or thinning of the background lawn of bacteria on the surface of the
top agar. Three to five control plates and three test plates for each
concentration were incubated for 2-3 days; a three day incubation was
used with compounds that seemed to retard the growth rate of the tester
strain. Revertant colonies were scored and the data was analyzed by the
Student t-test. Dose response determinations were made at 10, 60, 200,
400 yg/plate for all compounds showing positive mutagenesis.
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Atlanta Water Assay
In the first phase of this study, begun. September, 1976, a deter¬
mination of the specific investigation site was made. Water from all
three plants was assayed before chlorination and after complete treat¬
ment (finished water).
Three tester strains, TA1535, TA1537 and TA98, were used to assay
for the mutagenic character of the water samples. Strain TAIOO was not
used for water sample assays.' Since the normal revertant rate is high
and somewhat irregular, this strain is useful only for very potent muta¬
gens or low level mutagens in extremely high concentretionss.
Six plates, three with S-9 and three without, were prepared with
1 ml water sample. These plates were compared with three controls to
determine whether S-9 microsomal mix is necessary for activation of
sample.
Based on this preliminaiy test an appropriate second assay of 6
controls and 10-15 test plates were prepared with each bulk water sample.
Water samples concentrated by freeze drying to 20% of the original volume
were also assayed by the above procedure. The Student t-Test was used
to analyze the revertant colony data.
New Orleans Water Pollutant Assay
Each compound assayed was tested by a 2 step procedure: a spot test
followed by a top agar incorporation of the chemical. If positive muta¬
genesis was indicated by even slight elevation of the revertant rate on
any of the tester strains a broad dose response evaluation was made.
The spot test is advantageous in that a wide dose range is tested on a
single plate, although only a small percent of the bacterial plate popu¬
lation is exposed to the mutagens. The degree of toxicity is indicated
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by a clearing in the background lawn of bacteria around the spot area.
The test concentrations used in the top agar incorporation procedures
were based on the lawn clearing of the spot test. All compounds were
tested both with and without S-9 liver micromome activation.
Strains TA98 and TAIOO have a rather high and variable spontaneous
revertant rate (30-45 and 90-150, respectively). Because of the nature
of these two strains, they are efficient in detecting only more potent
mutagens. With such variability in revertant rate, low level mutagens
would be very difficult to detect with the two strains, particularly if
the compound were somewhat toxic. Since potent mutagens are detected
effectively in the spot test, strains TA98 and TAIOO were used only for
this procedure. If the spot test was positive, then the top agar incor¬
poration was used with these strains. The tester strain TA1535 and TA1537
were used in the incorporation procedure for all chemicals. These strains
have a lower and more constant revertant rate and are, therefore, more
effective for detection of low level mutagens.
Chemicals that showed high toxicity with the spot test were tested
on the incorporation plates at 20 ug andbOhg per plate. Normally, even
such low concentrations produced distinct background thinning in the top
agar incorporation test. Lower concentrations were not used, since only
very potent mutagens are reactive at quantities less than 20 yg per plate.
Such mutagens would be detected on the spot test plate. If there was no
apparent toxicity at 60 yg/plate and a slight elevation of revertant
colonies, the test was repeated with higher concentrations.
Chemicals showing little or no toxicity were tested at 200 and 400
yg/plate. Any tests indicating mutagenesis by even slight elevations
of revertant colonies were tested again at a higher dose range. Thus
30
the specific testing procedure was determined for each individual chemical.
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Forward Mutagenesis Test System; Temperature Tolerant S. Typhimurlum
Typhlmurium strain 2326 was used in this assay. This strain has
the rfa and uvrB mutations for mutagenesis sensitivity. It is operator
constitutive for histidine biosynthesis.
Five ml of growth media were inocuated with a crystal of frozen
strain TA2326. Cells were grown to stationary phase by incubation at
37 C for approximately 14 hr in minimal essential medium (MEM) plus
supplements (Murray ejt al., 1971). Growth media was composed of minimal
E salts, 2% glucose, biotin and all amino acids, with the exception of
methionine, which interferes with the temperature sensitivity character
of the strain.
Two methods of mutagenesis were employed. Since the cells continue
DNA replication for several generations at 42 C, mutagen was applied
directly to the top agar with the strain and the 2 ml top agar mix was
layered on minimal plates. Mutation fixation and expression takes place
on the plates at 42 C. Temperature tolerant colonies appeared within a
2-6 day incubation period.
Test chemicals were applied in 0.1 ml volumes to the top agar with
107 cells. Addition of S-9 mix to the top agar was attempted, using
procedures described above in the Ames system to activate benzo-a-pyrene
and 2-aminofluorerie.
In an effort to increase mutation rate, the mutagen was applied
to the strain in exponential growth phase at 37 C with .shaking (muta¬
genesis culture). Cells were grown to stationary phase and plated by
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the top agar layering technique. Plates were incubated for 2-7 days
at 42 C.
Plates were composed of minimal E media, 2% glucose, histidine
(20 Ug/ml), biotin (12.2 pg/ml) and adenine (6 yg/ml). All test
chemicals were prepared with distilled, deionized water of dimethyl
sulfoxide. Mutagenesis assay with this system included a number of
chemicals known to be mutagenic, as well as a number which have not
been tested or have not demonstrated mutagenic effect in the Ames test
system.
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Forward Mutagenesis Test System; Streptomycin Resistant S. Typhlmurlum
Ames tester strain S. typhimurium TA1535 was used for this test
system. Since this strain contains the rfa and uvrB mutations, it
should be extremely sensitive to mutagens in the cellular environment.
Tests for the presence of these mutations were run routinely during the
standardization and testing procedures.
Mutagenesis cultures were prepared by inoculating 2 ml minimal
media (plus supplements) with 0.1 ml overnight culture of TA1535, and
0.1 ml of test chemical. The mutagenesis cultures and controls (lacking
the test chemical) were incubated at 37 C with shaking for approximately
14 hr. The cultures were diluted by I'/IO and cells were spread on
penassay plates containing 53 ug/ml streptomycin. Plates were incubated
at 37 C for 3-5 days, and scored for resistant colpnies on the third
and fifth days. If the test plate colony number was very low (less than
\ control number) on the third day, incubation and scoring was discon¬
tinued.
Activation with S-9 was attempted by addition of 0.5 ml S-9 mix
to mutagenesis cultures of benzo-a-pyrene and 2-aminofluorene with
incubation and plating as above.
Assay with Ames tester strain TA98 was attempted with the strepto¬
mycin system. This strain contains the plasmid pKMlOl, which has an
error prone recombination repair system (Ames al., 1975), making
the strain more efficient in detecting certain types of frameshift
mutagens. This plasmid also’ confers ampicillin resistance on the strain.
Assay for the presence of the plasmid with ampicillin disks was done
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routinely when using this strain. Procedures as described above in
the Ames test system were followed. Plating procedures on penassay,
streptomycin plates were the same as those used for strain TA1535.
Toxicity determinations were made by diluting the mutagenesis cul¬
ture and the control culture to 10^ cells/ml. One tenth ml of the di¬
luted culture was plated on penassay plates at 37 C. Comparisons of
the test plates and control plates (without the chemical) gave an indi¬
cation of the toxicity level of the chemical at the concentrations
assayed in the mutagenesis test system. High concentrations of toxic
chemicals were not used in the testing procedures.
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Single-Strand Breaks by Chemical Mutagens
Nitrosoguanidine, (MNNG), a mutagen known to produce single strand
breaks, Kimball et al., 1970) was used to standardize the DNA chain
break assay. The procedure, as described below, was adapted from
McGrath and Williams (1966).
Cells of the Ames tester strain TA1537 typhimurium were grown
to an OD of 0.16-0.18, Nitrosoguanidine was then added at a concentra¬
tion of 10 pg/ml cell culture in MEM. Growth was maintained with
shaking for one generation after treatment. Control cells were labeled
with [l^C] thymidine, test culture cells with [3h] thymidine. The
cells were harvested, washed and the treated cells were mixed with the
controls before lysis.
Approximately 8 X 10^ cells were layered onto 0.2 ml gradient of
5-20% sucrose containg 0.7 N NaCl, 0.3 M NaOH and 0.01 M EDTA. The
gradients remained at room temperature for 30 min to allow for cell
lysis on top of the gradient.
Four to six gradients were centrifuged at 25,000 rev/min for 120
min in a SW 50.1 rotor. Fractions were collected from the top in 12
drop samples on filter paper strips. The strips were washed in cold
5% TCA, alcohol, acetone, and the [3h] and [l^C] activities of the discs
were measured in a scintillation counter. Computer analysis procedures
used for the determination of the weight-average fiolecular weight and
the number-average molecular weight were those of Ley •(personal commun¬
ication, 1977).
After standardization with MNNG, samples of trichloroethylene,
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(TCE) and water concentrate from the Water Quality Control Station were
assayed for chain break effect. Trichloroethylene (60 yg/ml cell
culture) wass assayed by exposing to trichlorethylene at 37 C and 4 C
in a buffer of 0.1 M EDTA, 0,001 M Trizma, pH 8. Since this compound is
rather toxic, low temperature mutagenesis was attempted in an effort to
inhibit nuclease activity. DNA nucleases are inactive at 4 C. The
concentration of TCE used was that level which allowed 25% survival of
the cells. This is comparable to the survival level of MNNG at 10 g/ml.
Survival rates of at least 10% will produce profiles of single strand
breaks by chemicals (Setlow, personal communication).
Water concentrates from the Water Quality Control Plant were pre¬
pared by lyophilizing approximately one liter of sample to dryness.
Concentrated solutions were prepared by disolving the powder to a concen¬
tration of 5 mg/ml and sterilizing by filtration through a 0,45 y pore
Nalge filter. This solution was added to the TA1535 culture at a con¬
centration of 0.1 ml concentrate per 1 ml cell culture at an OD of 1.8,
at 620 nm. Cells were exposed with shaking for 90 min; one culture at
37 C, one culture at 4 C, The cultures were harvested, washed and
resuspended to a concentration of approximately 2 X 109 cells per ml.
Cells (1 X 107) were lysed on top of the sucrose gradients and centri¬
fuged according to the procedures given above.
CHAPTER IV
EXPERIMENTAL RESULTS
S. Typhimurlum Histidine Revertant Test System
Standardization
The mean and standard deviation for each of the 4 Ames tester
strains were determined for a 2 day incubation during an initial period
of 3 weeks. The resulting data are reported in Table 1. Additional
controls were run during a 6 month period of testing water samples and
chemicals. These additional controls consistently fell within the
ranges recorded in Table 1. Assay for increased mutagenesis with known
chemical mutagens was done routinely on each strain. Data are given
in Table 2.
Dose-response curves were determined for several mutagens. EMS
and 9-aminoacridlne did not give linear dose-response. This is consis¬
tent with the findings of Ames ^ a^. (1975). A typical dose-response
curve of 2-aminofluorene and TA98 is illustrated in Fig. 1. Optimum
quantities of liver fractions per ml of S-9 mix vary somewhat among the
different mutagens activated by the liver homogenate. Fig. 2 shows the
optimum quantity of liver fraction for the activation of benzo-a-pyrene
with tester strain TA98.
Fig. 3 represents the liver activation curve for the frameshift
mutagen, 2-aminofluorene, with strain TA98.
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Table 1. Mean and standard deviation for 4 strains of the test system
Strain *Spontaneous Revertant Mean
TA1535 14.46 + 6.11
TA1537 :).• 10.30 + 5.16
TA98 40.00 + 13.57
TAIOO 129.90 + 25.56
’^Minimum sample size: 45 plates/s train
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Table 2. Increased mutagenisis induced by chemical mutagens.




in top agar, colonies
TA1535 EMS 500 - + > 1000
MNNG 10 + > 1000
TA1537 9-Aminoacridine 100 - + > 1000
TA98 2-Aminofluorene 10 + + > 1000
Benzo-a-pyrene 5 + + > 250
TAIOO 2-Aminofluorene 100 + + > 1000
MNNG 10 - + > 1000
EMS 500 - + > 1000
*Spot tests recorded + indicate a heavy aggregation
of revertant colonies around the test spot.
40
Fig. 1. Dose response determination, 2-aminofluorene, strain TA98
LIVER FRACTION, ml/PLATE XI0“'
Fig. 2. Activation of benzo-a-pyrene, 5 Ug/plate, with liver microsome
system. Strain TA98.
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LIVER FRACTION, ml/PLATE XIO"^
Fig. 3. Activation of 2-aminofluorene, 10 yg/plate, with liver microsome
system. Strain TA98
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Canasauga River Water and River Pollutants
The four tester strains were used in the assay of outflow water
from the Dalton wastewater treatment plant. Revertant rates for strains
TA1535, TA98 and TAIOO were higher in the controls than on the test
plates. Tester strain TA1537 showed high mutagensis with both the
chlorinated and unchlorinated samples (Table 3). Lyophilized concen¬
trates of the above samples were too toxic to assay in this system.
The 6 carpet dyes showing significant mutagenesis with strain TA1537
are recorded on Table 4. The other 3 tester strains did not show signi¬
ficant mutagenesis (P level'<0.01) with any of the dyes assayed.
The following dyes did not show significant mutagenesis with any
of the tester strains at a P level <0.01: Disperse Yellow 23, Acid
Orange 128, Acid Blue 40, Disperse Red 60, Disperse Yellow 54, Basic
Yellow 15, Basic Yellow 53, Acid Yellow 151, Slight mutagenis was
detected in tester strain TA98 with dyes Acid Red 151, Disperse Blue 230
and Acid Orange 128. Only tester strain TA1537 showed mutagenesis with
the 6 dyes listed in Table 4. Two dye carriers, napthylene and biphenyl,
showed no significant mutagenesis. The third, methyl benzoate, was
extremely toxic. The toxicity levels of methyl benzoate at concentrations
as low as .02 yg/plate remained high enough to prevent mutagenesis assay
of this compound. The dye Acid Blue 25 showed background thinning at
400 }ig/plate. However, at 200 yg/plate population, survival was sufficient
to show a positive mutagenic effect. All 6 dyes listed on Table 4
demonstrated a linear dose response reaction in a dose range of 10 to
400 yg/plate.
Table 3. Assay of chlorinated and unchlorinated water from Dalton, Georgia
wastewater treatment plant June, 1976. Tester Strain: TA1537.
Water sample S-9 Mean revertant Mean revertant Student t-Test
(Iml/plate) colonies, control colonies, test
sample
Degrees of TP level
freedom
unchlorinated + 6.66 + 3.96 27.22 + 10.86 28 -6.254 0.0001
chlorinated + 11.44 + 11.22 30.76 + 17.52 20 -2.895 0.0087
Table 4. Assay of mutagenic level of tester strains with dyes
yg/ Mean revertant Mean revertant Student t-Test
Dye plate S-9 Strain colonies colonies- test Degrees of T P
control sample freedom Level
Acid
Yellow 135 10 + TA1537 18.20 + 4.43* 65.33 + 12.58* 6 -7.949 0.0005
Acid
Red 337 10 + TA1537 12.60 + 3.50 22.00 + 2.64 6 -3.965 0.0077
Acid
Yellow 19 200 + TA1537 11.00 + 2.64 27.66 + 5.03 4 -5.076 0.0084
Disperse
Yellow 3 10 + TA1537 32.20 + 15.12* 84.00 + 11.35* 6 -5.073 0.0027
Disperse
Blue 120 10 + TA1537 7.25 + 3.20 35.66 + 9.45 5 -5.749 0.0029
Acid
Blue 25 10 + TA1537 7.25 + 3.20 34.66+ 7.37 5 -6.798 0.0016
Asterik Indicates incubation period > 2 days.
The dose represents the lowest concentration of a dose response curve
which showed mutagenesis without thinning of the background lawn.
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Atlanta Water
Samples of Atlanta water taken on four dates, 9l2Qf7(}y lllllll,
llYlm and hjl'iin were tested in a preliminary procedure with the
four tester strains. Only strains TA1535 and TA1537 were useful in the
water testing, as their spontaneous revertant rates were low and con¬
stant enough to permit detection of mutagens in low concentrations.
Though strain TA1535 showed slight elevation of colonies with some
samples, none was significant at P <0.05. Tester strain TA1537 showed
mutagenesis with several samples at this P level.(Tables 5, 6, 7, and
8). Table 5 includes the data of a lyophilized sample (9/20/76)
approximately 500 ml concentrated to 20 ml.
New Orleans Water
Over 100 compounds have been identified in the New Orleans drinking
water (EPA report, 1975). Twenty-seven of these compounds were tested
with the Ames mutagenesis test system. The resulting data appear in
Tables 9 and 10.
Table 5. Mutagenesis assay of the intake water from three Atlanta
water treatment plants collected September 20, 1976.
Water sample Mean revertant Mean revertant ■Student t-Test
0.8ml/plate S-9 Strain colonies colonies-test Degrees of T P









+ TA1537 16.50 + 3.93* 39.40 + 16.51* 14 3.297 0.0053
Hemphill plant





+ TA1537 16.50 + 3.93* 32.50 + 16.53* 18 2.308 0.0313
Asterisk indicates a 3 day incubation
Table 6. Mutagenesis assay of the intake and outflow water collected
from the Hemphill Treatment Plant, Atlanta,on January 12, 1977,
Water sample Mean revertant Mean revertant Student t-Test
0,8ml/plate S-9 Strain colonies colonies-test Degrees of T P
control sample freedom level
Hemphill
intake TA1537 10.45 + 3.17 19.30 + 9.68 19 -2.841 0.0101
Hemphill
finished TA1537 11.45 + 4.00 14.80 +7.50 19 -1.290 0.2100
Two day incubation period was used for all plates.
Hemphill intake water has been chlorinated and pH adjusted at the Water Quality Control
Station approximately 1 hr before it arrives in the Hemphill intake reservoir.
Preliminary assay determined that S-9 mix did not activate., this sample.
Table 7. Mutagenesis assay of the intake and outflow water collected
from Hemphill Treatment Plant, Atlanta, on February 17, 1977.
Water sample Mean revertant Mean revertant Student t-Test
O.Sml/plate S-9 Strain colonies colonies-test Degrees of T P
control sample freedom level
Hemphill
intake - TA1537 8.92 + 2.81 21.33+ 8.83 20 -4.883 0.0002
Hemphill
finished - TA1537 8.92 + 2.81 16.88 + 10.40 28 -2.673 0.0119
Two day incubation period was used for all plates
Hemphill intake water has been chlorinated and pH adjusted at the Water Quality Control
Station approximately 1 hr before it arrives in the Hemphill intake reservoir.
Preliminary assay determined that S-9 mix did not activate this sample.
Table 8, Mutagenesis assay of the raw Chattahoochee River water intake and outflow
water collected from the Hemphill Treatment plant, Atlanta, April 23, 1977.
Water sample-













Raw river - TA1537 12.20 +3.64 15.10 + 3.95 18 •1.704 0.1022
Hemphill intake TA1537 12.20 + 3.64 13.08 + 6.00 20 ■0.405 0.6911
Hemphill finished - TA1537 12.20 + 3.64 10.30 + 2.00 18 1.444 0.1628
Preliminary tests determined that S-9 did not affect the results for
this sample.









Atrazine 0957 - 200, 400 lig si + strain 7 -
Benzaldehyde 0957 - 20, 60 +
Benzylbutyl phthalate 0957 - 200, 400 yg - -
Bromoform 0957 - 60, 100, 200, 400 yg ? +
Butachloe
[2-chloro-2', 6’ -diethyl-n
(butoxy-methly) acetanilide] 0957 - 60, 100, 200, 400 yg ? +
Butanone 0957 - 200, 400 yg si + strain 7 +




propionitrile] 0957 200, 400 yg ? +
n-Decane 0957 - 200, 400 yg +
Dibromochloromethane 0957 - 20, 60 yg -? +










1, 2-Dichloroethane 0957 - 100, 200, 400, 1000 Pg si + strain 7 +
Diisobutyl phthalate 0957 - 200, 400 yg -9 +
Dimethyl phthalate 0957 200, 400 yg -? +
D-N-propyl phthalate 0957 - 60, 100 yg - -
n-Dodecane 0957 - 200, 400 yg +
Eldrin 0957 - 100, 200, 400 1000 yg - -
Methyl benzoate 0957 - 10, 60, 100, 200 yg -? +






0957 - 200, 400 yg
0957 - 100, 200 300 yg
0957 - 20, 60 yg












n-undecane 0957 - 100, 300 lig _? +
n-xylene 0957 - 10, 60 yg _? +
Trichloroethylene 0957 + (Volatile-see discussion) 4* +
Strains are abbreviated as: O(TAIOO), 5(TA1535), 7(TA1537), 9(TA98).
Mutagenicity is scored in the following way;
sl+. . . slightly elevated over controls
-
, . .not elevated over controls.
+ . . . significant elevation over controls. Student t-test, P -<0.01.
-? . . . could not determine if mutagenic due to toxicity.
+ Toxicity was indicated by distinct thinning of the background lawn in the top agar
incorporation test and by a large clear area (<5mm) in the spot test.
Table 10. Statistical evaluation of trichlorethylene with tester strain TA1535.










10 yl spotted - 15.37 + 4.47 122.16 +40.65 12 7.472 <0.0001
Sample was spotted in center of plate and incubated in a tight canister.
Preliminary test determined that S-9 was not necessary for activation of
this compound.
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Forward Mutagenesis Test System;
Temperature Tolerant S. Typhimurium
Determinations of the mutagenic activity of nitrosoguanidine
(MNNG) on typhimurium strain TA2326 were made at various concentra¬
tions. The Student t-Test was used to analyze data resulting from
treatment with the optimum concentration, 10 yg/plate, of MNNG. A '
typical result using 10 yg/plate MNNG appears in Table 11. Although
the colony numbers in the dose-response derminations did vary somewhat,
the results generally fell within the range given in Fig. 4. All
plates were incubated 2-4 days at 43 C.
A number of chemicals found to be mutagenic in other systems and
some water contaminants were assayed with this system. These data appear
in Tables 12 and 13. Table 12 gives results using the top agar incorpor¬
ation technique; Table 13 shows data from the liquid mutagenesis technique
in which the cells were exposed to the chemical during log phase at 37 C
with shaking.
Table 11. Mutagenesis assay of nitrosoguanidine with the temperature sensitive test system.










guanidine 10 g/plate TA2326 1.07 + 2.78 98.50 + 43. 50 20 -8.509 <0.0001




Fig. 4. Dose-response determination for typhimurium strain
TA2326 with nitrosoguanidine. Mean control colony
number was 1.0 + 2.78 per 10^ cells.
Table 12. Mutagenesis assay of chemicals with the temperature tolerant typhimurium system.







Ethyl methanesulfonate .5, 10, 50, 125, 250, 500 + 125





Benzo-a-pyrene + S-9 mix 5 ?
2-aminofluorine + S-9 10 ?
Dibutyl Phthalate 60 -
Ethidium Bromide 10, 20
For designations, see footnote to Table 9.
Table 13. Mutagenesis assay of chemical with the temperature tolerant. typhimurlum system,
strain TA2326, mutagenesis culture technique.
Chemical Concentration incorporated






Nitrosoguanidine 10 + 10
Ethidium Bromide 10, 20 -




Dibutyl Phthalate 20 -
Mirex 20 -
*Disperse Red 60 100, 20 sl+ 100
*Acid Yellow 151 100, 20 -
*Baslc Yellow 53 100, 20 -
*Basic Yellow 15 100, 20 sl+ 100
For designations, see footnote to Table 9.
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Forward Mutagenesis Test System;
Streptomycin Resistant S. Typhimurium
Resulting data from the standardization procedures with nitroso-
guanidine appear in Tables 15-17, and Fig. 5. Student t-Test was
used to analyze the nitrosoguanidine mutagenesis data at concentrations
of 0.5, 5, 10, 15, and 30 g/2 ml mutagenesis culture. Plates were
scored on incubation days 2, 4, and 6. The dose-response relations at
these concentrations, day 4, are illustrated in Fig. 5. The strepto¬
mycin resistance assay was used to test a number of chemicals known to
be mutagenic in other systems as well as water samples and chemicals
of unknown mutagenic potency. These data appear in Table 18. Ames
plasmid strain TA1598 demonstrated full growth on the low level strepto¬
mycin plates.
Mutations in various loci become expressed at different times after
exposure to the mutagen (Murray ^ al., 1971). The percent increases
from incubation day 2 to day 4, and day 4 to day 6, are given in Table 14.
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Table 14. Percent increase in streptomycin resistant colonies at
2 day incubation intervals, nitrosoguanidine, 10 lig/2 ml
mutagenesis culture.
Plate type Interval 1: day 2 to
day 4, percent increase
Interval 2: day 4 to
day 6, percent increase
Control 380.00 8.33
Test 209.95 12.39
Table 15. Mutagenesis assay of nitrosoguanldine with the streptomycin resistance test
system, incubation day 2.
Nitrosoguanldine Mean control Mean test Student t-Test
concentration, yg/2 ml colonies/lO colonies/lO Degrees of T P
mutagenesis culture cells cells freedom level
0.5 5.00 + 2.44 25.25 + 8.99 7 -4.890 0.0021
5.0 5.00 + 2.44 422.00 + 140.65 7 -6.749 0.0005
10.0 5.00 + 2.44 39.25 + 15.90 7 -4.828 0.0023
15.0 5.00 + 2.44 6.50 + 2.51 7 -0.902 0.5997
30.0 5.00 + 2.44 1.00 + 0.81 7 -3.093 0.0171
Tester strain TA1535
Table 16. Mutagenesis assay of nitrosoguanidine with the streptomycin resistance test
system, incubation day 4.
Nitrosoguanidine Mean control Mean test Student t-Test
concentration, yg/2 ml colonies/lO^ colonies/107 Degrees of T P
mutagenesis culture cells cells freedom level
0.5 24.00 + 5.87 48.50 + 2.64 7 -7.663 0.0003
5.0 24.00 + 5.87 691.75 + 145.37 7 -10.447 0.0001
10.0 24.00 + 5.87 179.00 + 21.80 7 -15.458 <0.0001
15.0 24.00 + 5.87 58.50 + 15.06 7 -4.754 0.0024
30.0 24.00 + 5.87 14.50 + 4.65 7 2.629 0.0328
Tester strain TA1535
Table 17. Mutagenesis assay of mitrosoguanidine with the streptomycin resistance test
system, incubation day 6.
Mitrosoguanidine Mean control Mean test Student t-Test
concentration, yg/ 2 ml colonies/107 colonies/107 Degrees of T P
mutagenesis culture cells cells freedom level
0.5 26.20 + 6.05 48.50 + 2.64 7 -6.789 0.0005
5.0 26.20 + 6.05 738.75 + 141.82 7 -11.427 <0.0001
10.0 26.20 + 6.05 210.50 + 25.40 7 15.923 <0.0001
15.0 26,20 + 6.05 75.00 + 25.23 7 4,342 0.0053
30.0 26.20 + 6.05 16.00 + 5.47 7 2.614 0.0336
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Fig. 5. Dose-response determination for typhimurium TA1535 with
nitrosoguanidine. Incubation on 53 yg/ml streptomycin plates
for 4 days. Mean control colony number was 24.00 + 5.87 per
10^.cells.
Table 18. Mutagenesis assay of chemicals with the streptomycin resistant S. typhimurium system.
Strain TA1535.
Concentration incorporated Mutagenesis Concentrations
Chemical in growth media with results indicating
strain, u/2 ml media mutagenesis
mnn’g 30.0, 20.0, 10.0, 5.0, 0.5 + 10.0, 5.0, 0.5
9-aminoacridine 100, 50 -
Auromine 0 40, 20,-'-10 sl+ 10, 20
Ethidium Bromide 40, 20, 10 -




2-aminDfluorene + S-9 10 -
Dibutyl phthalate 20 -
Mirex 20 - -
Trichloroethylene 250, 5 ?
ON
U1
*Acid yellow 151 100, 50
Table 18. (continued)
Concentration incorporated Mutagenesis Concentrations
Chemical in growth media with results .. indicating
strain, Ug/2 ml media mutagenesis
*Basic yellow 15 100,50 -
*Basic yellow 53 100, 50 -
*Disperse Red 60 100, 50 sl+ 50
2-Nitrofluorene 50,10 -




Minimum plate number/chemical was 20
*Carpet dyes
X Hemphill water added at 1 ml/2 ml media of mutatenesis culture; one ml
distilled, deionized water added to control culture.
For designations. See Table 9.
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Single Strand Breaks by Chemical Mutagens
Data resulting from the DNA strand break assay are presented In
Figs. 6-7, and Table 19. Mutagenesis by nltrosoguanldlne (10 yg/10^ cells
for 20 min) produced single-strand breaks, resulting In the low molecular
weight strands shown In Fig. 6. A profile of DNA, resulting from the
treatment with trichloroethylene (60 yg/10^ cells for 30 min). Is given
In Fig. 7. Although TCE was active in producing strand breaks, fewer
breaks (higher molecular weight strands) were produced with this compound
than with MNNG. The same resulting data for MNNG and TCE treatment of
Ames strain TA1535 are given In Table 19.
The number of lesions (single-strand breaks and alkali-labile bonds)
Induced In the chromosome is related to the initial and final number-average
molecular weights, M^, by the following equation (Ley, 1972)
(initial)
number of breaks = 1
(final)
In the case of nltrosoguanldlne mutagenesis, the initial (or control)
number-average molecular weight was 25.13 X 10^; of the treated cells
it was 3.12 X 10^. The number of single-strand breaks produced by nitro-
soguanidine treatment (10 yg/10^ cells for 20 min) is 7 per 2.62 X 108
daltons with TA1535.
Trichloroethylene treatment produced a detectable number of single¬
strand breaks in TA1535. Fig. 7 shows a shift in the average molecular
weight toward the top of the: gradient. Control number-average molecular
weight was 73.37 X 10 . Trichloroethylene treated cells produced a Mn of
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20.33 X 10 . The resulting number of single-strand breaks produced by
trichloroethylene exposure (60 yg/10 for 20 min) is 2.6 per 2.98 X 10
daltons. Exposure of the cells to trichloroethylene at 4 C showed
no chain breaks, and coagulation of the mutagenesis culture at this
temperature was observed throughout the exposure time. A possible inter¬
pretation of these observations is given in the discussion section. Water
concentrates prepared from samples collected from the Hemphill plant on
April 23, 1977 did not produce single-strand breaks with strain TA1535.
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Fig. 6. Sedimentation pattern of nltrosoguanidine treated cells and
controls lysed and centrifuged on alkaline sucrose gradients.
Radioactivity profiles are a function of the distance sedimented
in 120 min at 25,000 rpm on a 5-20% sucrose gradient, pH 1*2.5.
Control cells were monitored by [l^C]-th3nnidine (•); treated
cells were monitored by [3h]-thymidine (•). Gradients were
collected from the top.
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Fig. 7, Sedimentation pattern of trichloroethylene treated cells and
controls, lysed and centrifuged on a 5-20% alkaline sucrose
gradient (pH 12.5). Radioactivity profiles are a function of the
distance sedimented in 120 min at 25,000 rpm. Control cells were
monitored by [l^C3-thymidine (•) while treated cells were moni-^ ■;
tored by [^H]-thymidine (•). Gradients were collected from the
top.
Table 19. Number-average and weight-average molecular weights, S, typhimurium TA1535,












nitrosoguanidine 10 20 1.05 3.13
untreated (controls) 2.63 25.14
Trichloroethylene 60 30 1.71 20.33
untreated (controls) 2.98 73.37
CHAPTER V
DISCUSSION
S. Typhimurium Histidine Revertant Test System
Standardization
Throughout the testing procedure with the Ames system, the spontan¬
eous revertant rate of all 4 tester strains remaied within the range
given on Table 1. The standard deviations are somewhat elevated, particu¬
larly for the strains containing the plasmid pKMlOl (TA98 and TAIOO).
This range is normal for these strains and well within the spontaneous
revertant level determined by Ames (personal communication).
The low revertant rate of TA1535 and TA1537 makes these strains
particularly useful for assay of bulk water samples. In unconcentrated
water the mutagens, if present, are in very low concentrations. This
makes their detection difficult with strains that have a high and variable
spontaneous revertant rate. Statistical validity with such strains is
possible only when large numbers of samples are used.
Assay for increased mutagenesis was continued throughout the use of
the system. Mutagens requiring no S-9 activation consistently gave results
as listed on Table 2. Occasionally the activity of the S-9 mix was low
and the revertant count with 2-aminofluorene and benzo-a-pyrene was below
the expected level. Such assay was performed daily with all environmental
testing projects; when S-9 showed low activity, the test plates done on
that day were discarded.
The optimum quantity of liver fraction in the S-9 inix did vary some¬
what for different mutagens. However, all mutagens requiring S-9 mix were
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sufficiently activated with 0-1 ml liver fraction/1 ml S-9 mix. This
concentration of liver fraction was, therefore, used in the environmental
testing.
Canasauga River Water and River Pollutants
Preliminary testing of the Canasauga River water showed low level
mutagenesis of some samples, (data not given). In an effort to identify
possible pollution sources that might be causing this effect, the effluent
water from the Dalton wastewater treatment plant was assayed (Table 3).
These samples consistently showed rather high level mutagenesis in both
chlorinated and unchlorinated samples. Since the effluent water was
colored, dyes were probably entering the river at a high rate.
The typical dye structure is a polycyclic, planar molecule, similar
in basic structure to the frameshift mutagens which revert strains TA1537
and TA98. Mutagenesis by the dyes consistently appeared in strain TA1537;
neither of the base substitution strains was reverted to prototrophy by
either the water samples or the carpet dyes. Six of the 13 dyes represen¬
ting 60% of the dye volume used in the north Georgia carpet industries
were found to be mutagenic with tester strain TA1537. Dose-response
relations were linear for these compounds.
Although the presence of these dyes in the river has not been deter¬
mined, it is likely that such compounds are present and represent a health
hazard for residents in towns along the river, who take their water from
the Canasauga. This is of particular concern, since the riverside towns
do not provide tertiary water treatment
Concentrates, prepared by lyophilizing effluent wastewater samples,
showed a light decrease in revertant colonies as compared to the bulk
samples. This effect may be expected if toxicity increases upon
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concentration. Low level toxicity is difficult to detect, as background
thinning may be slight.
In summary, it can be concluded that the 6 dyes are mutagenic in
relatively low concentrations and that frameshift mutagens are entering
the Canasauga River at the location of the Dalton wastewater treatment
plant.
Teratogenic effects caused by the carpet dye Ayl35 were noted in the
developing chick embryo (Wright, personal communication). Approximately
60% of the test embryos showed deformations that seemed to have a genetic
basis. A large number of these effects (20%) involved eye formation.
Atlanta Water
Raw Chattahoochee river samples were assayed twice, September 20, 1976
and April 23, 1977. Both samples showed low level mutagenesis with test
strain TA1537. It must be noted that the raw river water and treatment
plant smaples were collected at approximately the same time and do not
represent the same water volume as it passes through the treatment pro¬
cesses. Assumptions concerning the effect of chlorination of the raw
river water cannot, therefore, be made on the basis of data presented here.
However, the chlorinated raw water samples from both the Chattahoochee
and Hemphill plants were consistently mutagenic.
Gas chromatographic analysis by the Chemistry Department of Atlanta
University showed that approximately 15 organic compounds of high molecular
weight were present in the Hemphill intake samples. These samples repre¬
sent water which has been chlorinated before cleaning at the Riverside
plant. It might be expected that some of these organic compounds become
chlorinated during this procedure. Approximately 6-9 of these compounds
remain in the finished water samples. It is possible that mutagenically
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active, chlorinated, organic compounds are synthesized at the Riverside
Quality Control Station and are not removed by the settling filtration
processes at the Hemphill and Chattahoochee Plants. Low level mutagen¬
esis did remain in the finished water collected on February 17, 1977. A
slight elevation of revertant colonies resulted from the finished water
collected January 12, 1977.
Concentrated samples of the Chattahoochee intake water showed a
slight decrease in revertant colonies. If toxicity increases upon concen¬
tration, this effect would be expected. Low level toxicity is difficult
to detect by observation of background, as thinning of the bacterial lawn
may be very slight.
Based on the data presented here, the Environmental Protection Agency
is funding a one year study of the Atlanta water supply and treatment
procedures. It is suggested that the research be extended to all three
treatment plants and involve the testing of a single sample of water as
it passes through the treatment procedures of each plant.
New Orleans Water
A number of organic pollutants, identified in the New Orleans
finished water, have been tested for mutagenic activity with the Ames
test system. Mutagenesis in bulk water samples have been detected con¬
sistently in the lower Mississippi water with the Ames tester strains
(Pellon, 1976). In an effort to identify the source of such mutagenesis
and locate possible causes for the high urinary tract carcinogenesis
rate, the organic pollutants in the drinking water were assayed for muta¬
genic potency.
Trichloroethylene (TCE) was found to be extremely mutagenic in low
concentrations (Table 10). This is very significant to water quality.
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since trichloroethylene may be a by-product of vinyl chloride production
(Ranug et al., 1976) and is beginning to appear in a number of water
supplies (Craun, 1977). The manufacturing of vinyl chloride from
acetylene and ethylene, or from a mixture of these substances gives rise
to a waste product, referred to as EDC-tar, contining ethylene dichloride
as one of its components. Ethylene trichloride (or trichloroethylene)
may also be a component of this tar, or it may be produced by the
chlorination of ethylene dichloride in the water purification plants.
Residual trichlorethylene also may be present in decaffeinated coffee,
as it is used to extract the caffeine from the coffee bean. For these
reasons trichloroethylene was selected for assay in the DNA chain break
assay and the two forward mutagenesis test systems.
Trichloroethylene produces base pair substitutions, since it is
mutagenic in strain TA1535. Its structure would suggest mutagenesis by
alkylation processes. Further consideration of the mechanism of mutation
by TCE will be given in the DNA chain break discussion section.
Chemical toxicity was a serious problem and proved to be a limitation
of the Ames test system with the New Orleans water study. Approximately
50% of the chemicals tested were toxic to the tester strains. Such
limitations are expected with a bacterial test system, particularly when
the tester strains contain the rfa mutation (deletion of the protective
bacterial coat).
It can be concluded that the Ames test system was effective in
detecting mutagens in the Canasauga River, the Atlanta water, particularly
in the Hemphill intake samples, and also in detecting the mutagenic
activity of a number of chemical contaminants in the Canasauga River and
New Orleans finished water. The major limitations of this system are
77
chemical toxicity to the tester strains and the narrow range of test
loci. High and variable spontaneous revertant rates of strains TA98
and TAIOO make these strains rather ineffective in detecting low level
mutagenesis. This is particularly a problem in testing bulk water
samples, where mutagens may be present in low concentrations.
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Foi~ward Mutagenesis Test System; Temperature Tolerant S. Typhimurium
The two procedures as described in Chapter III above were followed
in this system: (1) direct incorporation of the mutagen with the strain
into 2 ml top agar, and (2) exposure of the tester strain to the mutagen
in growth media with shaking at 37 C for approximately 14 hours, followed
by plating of 0.1 ml of the mutagenesis culture diluted by 1/10.
Although no significant difference was observed between the two procedures,
further comparisons should be made using low level mutagens. The muta¬
genesis culture technique provided exposure during growth conditions of
37 C and aeration. Top agar incorporation of the mutagen exposes the
strain at 42-43 C, the temperature at which abnormal growth occurs. Also,
the chemical toxicity may increase at elevated temperatures. However,
the convenience of the top agar incorporation technique is an important
consideration when developing a test system to be used in assaying a
large numer of chemicals.
The tester strain TA2326 was extremely sensitive to the incubation
temperature range. Attempts were made to stabilize the incubator temper¬
ature at 42-43 C for the mutagenesis assays. However, small temperature
fluctuations caused either complete inhibition of all growth or full
growth of the control plates. Lower temperatures increased the colony
number on the test plates and the controls. A water-jacketed incubator
may be necessary for effective use of this system for mutagenesis assay
(Hartmen, personal communication). However, some conclusions can be
drawn from the test results using a somewhat variable incubation temper¬
ature .
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Nitrosoguanidine was extremely mutagenic at concentrations of
10 yg/plate or 10 yg/2 ml mutagenesis culture. The dose range showing
mutagenesis was rather narrow (Fig. 4), with 20 yg showing toxic effects.
Mutagenesis effects were also detected with a strong alkylating agent,
ethyl methanesulfonate. However, compounds expected to produce frame-
shift mutations were only slightly active in this system, or produced
negative results. The carcinogen, 9-aminoacridine, is known to produce
frameshift mutations in the Ames system at 100 yg/plate. No effect at
this concentration was observed in the system. Other compounds, which
because of their molecular structure might be potential frameshift
mutagens, were assayed with strain TA2326. These included the carcinogen,
auromine 0, and the intercalating molecule, ethidium bromide, both of
which are incactive in the Ames test. Other chemicals in this group were
the Dalton carpet dyes, disperse red 60, acid yellow 151, basic yellow 53
and basic yellow 15. While some compounds of this group produced a slight
elevation of temperature tolerant colonies, none produced results signi¬
ficant with the Student t-Test at P level <0.05. Because of the number
of potential mutation loci between the operator gene and the hisF-hisH
loci, it is expected that this system would be particularly sensitive to
a broad range of frameshift mutagens. However, testing of dyes with the
Ames system showed that they are often low level mutagens, without micro¬
somal activation. With variations in the incubation temperature, such
low mutagenesis may not be detected.
It is assumed that the microsomal activation process adds a reactive
group to the polycyclic, planar molecular structure of frameshift muta¬
gens. This group stabilizes the intercalation of the molecule between
the bases of the DNA (Ames, personal communication). Activation of
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benzo-a-pyrene and 2-aminofluorene by S-9 was attempted using this system.
These 2 compounds need activation for mutagenesis in the Ames test. Full
growth occurred on each test plate using S-9 and on the controls with
only the tester strain and S-9. Since the amino acid, methionine,provides
an alternate pathway for cell division of the tester strain at 42 C, it
is assumed that the concentration of methionine was too high in the liver
microsomal mix and interfered with the temperature sensitive nature of
the strain. Lack of an activation system may account for the negative
results in detecting frameshift mutagens.
A third general group of compounds was tested with this system. These
included chemicals which are known to produce carcinogenic effects
(Ames et al., 1976) but do not produce mutations with the Ames tester
strains. The mechanism by which the compounds induce carcinogenesis is
unknown. Test chemicals in this group are mirex, DDE and atrizine.
None of the chemicals in this group demonstrated positive mutagenesis in
the temperature tolerant test system.
The following summary list of advantages and limitations gives a
brief evaluation of the temperature tolerant test as an environmental
mutagenesis test system.
Advantages of the temperature tolerant test system.
1. The tester strain TA2326 contains the rfa' and uvrB mutations,
which increase the sensitivity of mutagen detection.
2. A broad range of potential loci should be available for mutations
resulting in a single phenotypic expression. Thus, a large number of
loci are assayed at one time. This factor would expand the scope of
detection, if this system were used in conjunction with the Ames test.
However, an alternate method of liver microsomal activation must first
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be developed to circumvent methionine interference. Preparation of S-9
mix with purified samples of microsomes (preparation procedures by
Estrabrook et al.. 1963) may solve this problem, but might decrease the
simplicity of the test.
3. If the incubation temperature remains constant, the spontaneous
mutation rate is very low, usually <4 colonies per plate. The high spon¬
taneous revertant rate of the Ames tester strains (except strain TA1537)
became a serious problem in testing low level mutagens or mtagens in
low concentrations. Bulk samples collected from the environment and
tested before concentration usually show only low level mutagenesis
activity. Thus the test should broaden the scope of such detection of
environmental mutagens, if the temperature is maintained within a 0.5
degree range-
4. Mutagenesis fixation and detection takes place on the plates at
the elevated temperature. Thus, no preincubation at 37 C is necessary
and the test sample can be incorporated into the soft top agar with the
strain. In assaying large numbers of samples, this factor greatly facili¬
tates the testing procedure.
5. An estimate of chemical toxicity of the test sample can be easily
obtained by simply incubating several test plates at 37 C.
6. It is a rapid test system; colonies appear after 2-4 days of
incubation.
Limitations of the temperature tolerant test system.
1. Since this system is extremely sensitive to temperature, results
tend to be inconsistant when using a standard incubator in which the
temperature may fluctuate as much as 3 degrees.
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2. This system should detect a wide range of frameshift mutagens.
However, since these intercalating molecules often require activation for
mutagenesis, the microsomal activation system should be used with the
test. The Ames S-9 preparation cannot be used, as the methionine present
in the liver fraction, interferes with the test.
3. Chemical toxicity of the test samples is generally a problem in
bacterial systems. Incubation at 42-43 C seemed to increase the toxicity
effect. It was sometimes necessary to lower the test concentration below
the level giving optimum mutagenesis in the Ames system.
The temperature tolerant assay has demonstrated some usefulness in
detecting mutagens. It is suggested that a water jacketed incubator be
used in further evaluation of this system.
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Forward Mutagenesis Test System:
Streptomycin Resistant S. Typhimurium
The procedure followed in using this test system is described in
Chapter III above. The tester strain TA1535 was exposed to the test
chemical in growth media with shaking at 37 C for approximately 14 h
(mutagenesis culture). The culture was diluted by 1/10 and 0.1 ml was
plated on penassay plates containing 53 Pg/ml streptomycin. Since the
cells do not go through several divisions on the test plates, as in the
Ames test and the temperature tolerant system, preincubation is necessary
for mutation fixation and expression.
The data given in Fig. 5 indicate that this test system is effective
in detecting certain strong alkylating agents as MNNG in very low concen¬
tration. The increase in the number of colonies between days 2-4 and 4-6
indicates that different genes are involved in low level streptomycin
resistance, as suggested by Murray et al. (1972). Thus, it is possible
that several loci can be conveniently assayed at the same time with this
test, if the extended incubation period is used.
This test system does not appear to be effective in detecting certain
frameshift mutagens. Benzo-a-pyrene and 2-aminofluorene were assayed
with S-9 mix in the mutagenesis culture. These two mutagens are extremely
reactive in the Ames system with microsomal activation. Neither compound
showed an elevation in colony number on the streptomycin plates. The
same was true of 9-amlnoacridine, a frameshift mutagen which does not
require activation. However, the dye, auromine 0, did show a slight
elevation of colonies at 10 and 20 yg/plate. The data were not
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significant with the Student t-Test at a P level <0.05. Auromine 0 is
a carcinogen which is not mutagenically active in the Ames test. A
number of compounds, inactive in the Ames test but which cause carcino¬
genic or mutagenic effects in other systems, were tested with the
streptomycin resistance assay. Compounds included in this category are
DDE, mirex and dibutyl phthalate. None of these was reactive in the low
level streptomycin test.
Tester strain TA98 containing the plasmid pKMlOl was used in this
system. The presence of the plasmid broadened the range of frameshift
mutagen detection (Ames et al., 1975), and carries an ampicillin
resistance factor. Full growth occurred on the streptomycin test plates,
indicating that the plasmid also confers resistance to low level strepto¬
mycin. Plates containing 400 yg/ml streptomycin did not show evidence
of such resistance. This strain is presently being used for frameshift
assay on the high level streptomycin plates. Resulting data showed
successful mutagenesis with MNNG, however, testing is incomplete at this
time.
The following summary evaluation gives the advantages and limitations
of this test system.
Advantages of the temperature tolerant test system.
1. The Ames strains are used in this assay. Therefore, the effects
of the rfa and uvrB mutations are present in this test.
2. It is likely that more than one locus is assayed at the same
time on the low level streptomycin plates,
3. It is possible to incorporate the S-9 mix into the mutagenesis
culture. Activation with liquid mutagenesis was effectively used by (Ames
et al., 1975). However, since this system seemed to be inefficient in
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detecting frameshift mutagens, successful activation has not yet been
demonstrated.
4. It is possible to use the plasmid containing strains, if high
level streptomycin concentration (400 Ug/ml) is used.
5. The degree of turbidity in the mutagenesis culture provided an
estimate of chemical toxicity. An accurate evaluation of toxic effects
can easily be made by diluting and plating the mutagenesis and control
cultures.
Limitations of the streptomycin test system.
1. A number of compounds representing various mechanisms of muta¬
genesis were not active in this system. This may indicate that loci
particularly sensitive to mutagenesis (hot spots) are not present in
the genes conferring streptomycin resistance.
2. The relatively high and variable spontaneous mutation rate makes
the detection of low level mutagens difficult.
3. The plasmid-containing strains cannot be used with the low level
streptomycin plates.
The low level streptomycin resistance assay may be useful as a muta¬
genesis test system for detection of strong alkylating agents. It does
not seem to detect a broad range of mutagens, particularly those causing
frameshift lesions. Further evaluation of the system might be made by
testing a wide range of chemicals known to be mutagenically active in
other test systems.
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Single-strand Breaks by Chemical MutaRens
The Ames tester strain TA1535 was useful in assaying for single¬
strand breaks. This strain readily absorbs the test mutagen, since it
lacks the typical lipopolysaccaride coat (rfa mutation). Chain breaks
induced during exposure to the mutagen will not be repaired (uvrB muta¬
tion) .
The lysing and centrifugation procedures as described by Ley (1972)
were found to be successful in detecting single-strand breaks induced by
chemical mutagens. Lysing the cells on the gradient minimizes mechanical
breaking of the chromosome. This is an important consideration when the
number of breaks induced by the mutagen is very small
Nitrosoguanidine, a mutagen known to induce single-strand breaks by
the process of alkylation, was used to standardize the procedure. This
compound consistently produced chain breaks in the typhimurium strain
TA1535. A typical distribution profile of the DNA after nitrosoguanidine
mutagenesis (10 yg/10^ cells for 20 min) is given in Fig. 6.
Trichloroethylene is a water pollutant in finished water from a
number of localities and a compound used to process decaffeinated coffee.
It was found to be a fairly potent mutagen producing single-strand
breaks in TA1535. The resulting strands of DNA were not as homogeneous
as in nitrosoguanidine treatment. The weight-average molecular weight
decreased from 2.98 X 10® in the controls to 1.71 X 10® with trichloro¬
ethylene treatment (60 yg/10^ cells for 30 min). Although the precise
DNA interaction with TCE leading to chain breaks is not known, its
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structure would suggest alkylation as a primary mechanism.
Exposure of trichloroethylene to the strain at 4 C produced a sedi¬
ment which seems to coagulate with the cells. Since lysing and centri¬
fugation of these cells showed no evidence of DNA strand breaks, the up¬
take may have been inhibited. Such is often the case in low temperature
exposure of the cells to mutagens (Setlow, personal communication).
Water concentrates, known to be somewhat toxic to the strain produced no
chain breaks Indicative of DNase activity. This provided indirect
evidence that the breaks in the TCE treated culture were induced by the
mutagen rather than by the DNase activity after cell death.
Treatment with water concentrated from the Hemphill plant collected
on April 23, 1977, produced no evidence of chain breaks in TA1525. The
profiles of radioactivity from the treated cells and the controls produced
the same general pattern and peaked at the same fraction. Water samples
generally produced evidence of frameshift mutation. This primary lesion
type is not likely to induce chain breaks.
Exposure of ferric sulfate to the cells in the presence of S-9 pre¬
paration and without the activation system produced inconclusive evidence
of chain breaks. Further testing of metal ions should be done with the
chain break assay, since there are few rapid test systems that can assay
for mutagenic effects of metals. Generally these ions are reactive with
the plate media preventing assay with bacterial systems.
CHAPTER VI
SUMMARY
The object of this research project was twofold: (1) to use the
Ames test to examine the mutagenic character of several water supplies
and a number of aquatic pollutants, and (2) to develop and evaluate
additional test systems which extend the parameters of mutagen detection
and genetic lesion identification.
The Ames test was found to be effective in detecting low level muta¬
gens present in the Canasauga River water and samples collected from the
Atlanta Hemphill water treatment plant. It is suggested that the Atlanta
water project be extended to another year, and that it include a tracking
project of the water as it passes through the treatment plants.
A number of pollutants present in the Canasauga River and the lower
Mississippi were identified as chemical contaminants capable of Inducing
frameshift and base substitution mutations. The mutation mechanism by
trichloroethylene was investigated further in the DNA chain break assay.
TCE was found to induce single-strand DNA breaks.
The three test stystems developed to extend the parameter of mutagen
detection were useful in identifying certain types of mutagens. A number
of limitations were encountered in the plate assay systems. Some of these
can be overcome with better Incubation; others require extending the test
to a more complex system, which may not be useful in rapid, large volume
testing. The chain break assay was particularly successful in identifying
mutagens causing single-strand break lesions. This procedure may be use¬
ful in testing certain mutagens which are difficult to assay in the plate
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systems. It is suggested that this system be extended by a test
exposing a plasmid DNA directly to the mutagen and assaying for open
circle DNA. Such a test would provide additional information on chain
break mutagens and would circumvent the toxicity problems encountered
in all of the test systems explored in this project.
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